Abstract To examine the effect of HIV infection on regional left ventricular dysfunction in cardiovascularly asymptomatic individuals. Nineteen HIV-negative and 27 HIV-positive cardiovascularly asymptomatic study participants in Baltimore, Maryland were selected and underwent tagged cardiac magnetic resonance imaging. Regional left ventricular myocardial mid-wall peak systolic circumferential strain (Ecc) and early diastolic strain rate (SRE) of the left ventricle were assessed with the use of the harmonic phase analysis. The average Ecc and SRE measurements were compared between HIVnegative and HIV-positive individuals. Compared with the HIV-negatives, the HIV-positives had lower average Ecc and SRE measurements in 90% of the 16 standard left ventricular segments. Of the 14 segments with decreased Ecc strain, 3 were statistically significant and of 14 with decreased strain rate (SRE), 6 were statistically significant. HIV infection may be associated with subclinical regional left ventricular systolic and diastolic dysfunction in individuals free of overt cardiovascular disease.
Individuals with HIV infection represent one of the most rapidly growing groups with cardiovascular disease globally [1] [2] [3] [4] . AIDS has been increasingly recognized as an important cause of dilated cardiomyopathy and cardiovascular complications tend to occur late in the disease course of HIV infection [5, 6] . However, HIV infection has not been implicated in the occurrence of regional left ventricular (LV) dysfunction in HIV-infected, cardiovascularly asymptomatic individuals.
Most of the cardiac ventricular pathogenesis is usually regional in nature before becoming globally apparent. Regional ventricular functions in humans can be noninvasively measured to great precision by cardiac tagged magnetic resonance imaging (MRI) [7] [8] [9] . Harmonic phase MRI (HARP) provides a fast and accurate assessment of myocardial strains from tagged MRI images in both normal human subjects and patients with heart disease [10] .
The objective of this study was to examine whether HIV infection is associated with regional LV dysfunction in cardiovascularly asymptomatic individuals. To better understand the pathogenesis of HIV-related myocardial disease at its early stages, HARP-MRI was used to investigate the regional function of the left ventricular myocardium in both HIV-positive and HIV-negative study participants. The regional systolic and diastolic functions were evaluated by measuring the average circumferential strain (Ecc) in the myocardial mid-wall during the systolic and diastolic phases of the left ventricular contraction cycle.
Subjects and methods

Study subjects
Between August 2004 and April 2005, 46 study participants, 27 HIV-positive and 19 HIV-negative, were enrolled in a study investigating the effects of HIV infection on regional LV function. All the study participants are African American (self-designated) and permanent residents of Baltimore, Maryland. Inclusion criteria for this study were (1) HIV positivity: for HIV-infected individuals, HIV-1 infection was determined by ELISA and confirmed by Western blot test; for HIV-negative individuals, ELISA was performed to confirm seronegativity; (2) age between 25 and 54 years; and (3) race: African American (self-designated). Exclusion criteria were (1) any evidence of hypertension or ischemic heart disease as indicated by clinical history, previous hospitalization for myocardial infarction, angina pectoris, or EKG and/or echocardiographic evidence of previous myocardial damage by ischemic heart disease; (2) any symptoms believed to be related to cardiovascular disease; (3) any evidence of renal insufficiency; (4) pregnancy; (5) having a pacemaker, an implanted defibrillator, or certain other implanted electronic or metallic devices; (6) having had brain surgery for a cerebral aneurysm, implanted medical or metallic devices, shrapnel, or other metal, such as metal in the eye; (7) having claustrophobia; and (8) having a history of allergic reaction to contrast media administered intravascularly.
Information about sociodemographics, medical history, and medication use was obtained by interviewer-administered questionnaires. The Committee on Human Research at the Johns Hopkins School of Medicine approved the study protocol, and all study participants provided written informed consent. All procedures used in this study were in accordance with institutional guidelines.
Blood pressure measurement
Systolic and diastolic sitting blood pressure (BP) was measured twice with a standard mercury sphygmomanometer. A nurse at the clinic measured the study participant's arm circumference and applied a correctly sized cuff. The participant sat quietly for 5 min, and then the nurse obtained the systolic and diastolic blood pressure measurements; a second measurement was made 3 min later. The average of the two readings was reported.
Echocardiographic measurements
Each study participant was asked not to use tobacco or caffeine on the day of echocardiographic examinations. Two-dimensional transthoracic echocardiographic images, including M mode, cross-sectional and pulsed wave Doppler images, were obtained with the person in the left lateral decubitus position. The echocardiographic examinations were performed by an experienced operator using a Hewlett-Packard Sonos 5500 ultrasound instrument with 3.0 and 3.5 MHz transducers. For each study participant, the following views were obtained: parasternal long axis, parasternal short axis, apical 2-chamber, and apical 4-chamber. Transmitral flow was assessed in the apical 4-chamber view with the pulsed Doppler sample volume at the leaflet tips. Echocardiographic images were recorded on VHS videotapes and measurements were made in accordance with the recommendations of the American Society of Echocardiography [11] . Three individual sets of measurements were obtained from each cross-sectional echocardiogram, and the results were averaged. The discrepancy between measurements was less than 10% in every case. The following variables were measured: left ventricular dimensions in end diastole and end systole, interventricular septum and left ventricular posterior wall thickness in diastole, left ventricular ejection fraction, early peak velocity (E wave), late peak velocity (A wave), E to A ratio (E/A), isovolumic relaxation time, and deceleration time of the early filling period. Left ventricular mass and left ventricular mass index were calculated according to the American Society of Echocardiography's corrected formula [11] .
Measurement of lipids
After overnight fasting, venous blood samples were obtained in participants from a large antecubital vein. Routine blood cell analyses were assessed with a blood cell analyzer. Serum was separated by centrifugation at 2,000g for 15 min at 4°C and stored at -75°C until assayed. Serum lipid parameters, including total cholesterol, triglycerides, high-density lipoprotein, low-density lipoprotein, and very-low-density lipoprotein, were determined by enzymatic colorimetric methods on a Hitachi 747 analyzer with standard reagents (Roche Diagnostics, Indianapolis, Indiana).
Measurement of regional left ventricular strain by HARP-MRI
Cardiac MRI images were acquired by 1.5T MR scanners (SIGNA LX and CVi, GE Electric Medical Systems, Waukesha, Wisconsin, and Somatom Vision and Sonata, Siemens Medical Solutions, Erlangen, Germany). Dedicated phase array coils were used for signal reception. After completion of the standard protocol, three tagged ventricular short axis slices (basal, mid-ventricular and apical) were obtained. All images were obtained by ECG-triggered segmented k-space fast gradient-echo (SPGR or FLASH) pulse sequence during breath holds (12-18 s). Parallel stripe tags were prescribed in two orthogonal orientations (08 and 908) using identical pulse sequences with additional spatial modulation of magnetization (SPAMM) encoding gradients.
The parameters for tagged images were: field of view 40 cm; slice thickness 8-10 mm; repetition time 6 ms (range 3.5-7.2 ms); echo time 3.0 ms (range 2.0-4.2 ms); flip angle 128; matrix size 256 9 96-140; 4-9 phase encoding views per segment, and tag spacing of 7 mm. With use of these parameters, 19-27 phases per cycle were acquired yielding a temporal resolution of 40 ms (range 20-41 ms).
Tagged ventricular MRI images of the standard 3 short-axis slices [12] were analyzed by HARP (Diagnosoft, Inc., Palo Alto, California), which enables a fast determination of regional myocardial strain [13] . The average peak mid-wall circumferential strain (Ecc) in the systolic phase and peak early diastolic strain rate (SR E ), respectively, were determined in all standardized myocardial segments in the 3 short axis slices (11) , except the apical segment 17. The values of Ecc are normally negative during the contraction of the ventricle as they express circumferential shortening [14-17, Fig. 1 ]. Less negative Ecc indicates diminished regional LV function. HARP-MRI has an excellent reproducibility, with the correlation coefficients (R) for interobserver and intraobserver agreement for peak systolic midwall Ecc being 0.81 and 0.84, respectively [18] .
Statistical analysis
Statistical analysis was performed with SAS statistical software [19] . Continuous parameters were described as mean ± standard deviation, and categorical parameters were described as percentages. Both the Student's t test (for continuous variables) and the Chi-square test (for categorical variables) were used to compare potential risk factors for cardiovascular heart disease and echocardiographic indices in the HIV-positive and HIV-negative groups. A random-effects model was used to control for potential confounding factors and compare the average midwall Ecc and SR E in each left ventricular segment in HIV-positive and HIV-negative groups since when repeated measurements of strain are taken on the same study subject these repeated measurements are highly correlated [20] . The significance level was set at P \ 0.05.
Results
General characteristics
Of the 46 participants in this study, 18 (39.1%) were women and 27 (58.7%) were infected with HIV. The mean age (±SD) was 40 ± 5.6 years. Among the 27 HIV positives, 14 (52%) were on HAART. The median CD4 cell count (interquartile range) in the HIV-positive group was 329 cells/mm 3 (266-457), and the median HIV viral load (interquartile range) was 787 copies/mL (174-6,868).
The general characteristics of the study participants by HIV status are presented in Table 1 . There were no significant differences in demographic and risk factors between the HIV-positive and HIVnegative groups except that the serum levels of triglyceride and very-low-density lipoprotein were significantly higher in the HIV-positive group.
Global and regional left ventricular function
All the global left ventricular function measurements by echocardiography were within the normal ranges. There were no significant differences in the major structural and functional measurements of global left Because it is a measure of shortening better contraction is seen as more negative Ecc values; The diastolic phase is the time period from peak Ecc to the end of the cardiac cycle. While differences can be visually observed, in general the observations made are based on group averages rather than individual comparisons thus limiting the need for presentation of individual patient data. a Shows Ecc temporal curves for an HIV-negative (plain) and HIV-positive participant (dotted). Peak systolic Ecc strain is defined as as the maximum negative strain during systole (arrow). In this example peak Ecc is lower for this segment in the HIV-positive compared to the HIVpositive participant. Note: No systematic difference between R-R duration between HIV patients and controls was detected. b Shows strain rate temporal curves for an HIV-negative (plain) and HIV-positive participant (dotted). Diastolic strain rate is defined as the maximum positive strain rate during early diastole (SR E ) and late diastole (SR A ). Only the early diastolic strain rate (SR E ) was considered in this analysis. In this case, peak SR E is lower for this segment in the HIV-positive compared to the HIV-positive participant ventricular systolic and diastolic function by echocardiography between the HIV-negative and the HIVpositive groups ( Table 2 ).
The regional left ventricular functional measurements by HARP-MRI differed significantly between the HIV-negative and the HIV-positive groups. The differences in the average segmental Ecc between the two groups are listed in Table 3 . A negative value of the Ecc difference between the groups indicates a lower segmental Ecc in the HIV-positive group. The overwhelmingly negative values of the Ecc differences revealed that the majority of left ventricular segments in the HIV-positive group had lower average mid-wall Ecc and SR E measurements than that of the HIV-negative group. Lower Ecc and SR E measurements were found in 90% (14/16) of the 16 left ventricular segments in the HIV-positive group. Among the 14 lower Ecc measurements of the HIVpositive group, 3 were significantly lower than their respective counterparts in the HIV-negative group and 5 SR E measurements were significantly lower than their respective counterparts of the HIV-negative group. The segments with significantly lower Ecc and SR E were scattered in the basal and midcavity levels of the left ventricle, and they did not appear to fit into any pattern that may relate to coronary artery distribution. The remaining 10% (2/16) ventricular segments whose strain measurements appeared not to be lower (i.e., the ones with the positive values in the Ecc differences) in the HIV-positive group, in either systole or diastole, were also scattered in the ventricular wall, but every one of them was either adjacent to, or sandwiched between, the segments with significantly lower Ecc in the left ventricle.
Discussion
This study demonstrates a positive association of HIV infection with regional LV dysfunction. Since the study was performed in cardiovascularly asymptomatic individuals, the findings suggest that HIV infection may be involved in the development of early subclinical regional LV dysfunction. Although HIV infection has been linked to early subclinical atherosclerotic cardiovascular disease [21, 22] , regional LV dysfunction in relation to HIV infection in cardiovascularly asymptomatic individuals has not been reported. MRI offers a unique opportunity to assess regional left ventricular function in a detailed and quantitative manner through myocardial tagging [7, 23] . MRI tagging is an accurate and objective method for assessing regional myocardial dysfunction [24, 25] . The relationship between HIV infection and cardiovascular disease is still under debate. There are two studies that suggest that HIV infection per se might explain the exacerbated atherosclerosis and vasculopathy in HIV-infected individuals. The first of these, a pathological study, showed that HIV directly Ecc, peak systolic circumferential strain; SR E , peak early diastolic strain rate. HIV?, HIV positive group; HIV-, HIV negative group a The nomenclature of the left ventricle myocardial segmentations was adopted from reference [11] b The difference is the average strain of the HIV-group minus that of the HIV ? group c Between-group differences were compared by a random-effects model infected human arterial smooth muscle cells (SMCs). The results of this study indicate that SMCs can be infected by HIV, in vivo and in vitro, by a CD4, chemokine receptor-, and endocytosis-dependent mechanism. This infection also results in increased chemokine CCL2 production by SMCs. On the basis of these data, it is believed that HIV infection of SMCs may contribute to the pathogenesis of atherosclerosis observed in HIV-infected individuals [22] . The second study, the SMART (Strategies for Management of Antiretroviral Therapy) trial, observed that the rate of cardiovascular events was higher in patients in the drug conservation arm (with higher viral load levels) than in patients in the viral suppression arm. This trial could not rule out the possibility that an increase in viral load will increase the cardiovascular risk [26] . The advent of highly active antiretroviral therapy (HAART) has made the population of individuals with HIV infection one of the most rapidly growing groups with cardiovascular disease globally [22] . In addition to its association with accelerated atherosclerosis and vasculopathy, HIV infection has also been linked to myocardial disease, such as dilated cardiomyopathy [5] . AIDS-associated cardiomyopathy was first reported in 1986 [27] , but HIVassociated regional left ventricular dysfunction has not been reported. Since regional left ventricular (LV) dysfunction may be the earliest stage of subsequent LV dysfunction, the identification of this early stage is of critical importance in the management of HIV-associated myocardial disease.
This study was conducted in relatively young participants (aged between 25 and 54 years) who were cardiovascularly asymptomatic. The study showed that the left ventricular function in HIV-positive participants in several regions, including inferior, anterior, and inferolateral, was significantly lower than that of the HIV-negative group. Also, more regions were found to have abnormal relaxation in diastole (reduced SR E ) than to have abnormal systolic deformation (impaired Ecc) (5/16 vs. 3/16, see Table 3 ) among HIV-positive study participants. The hypofunctional myocardial regions were scattered on the left ventricular walls, with a few hyperfunctional regions sandwiched between, or adjacent to the hypofunctioning regions, indicating a possible compensatory mechanism for the hypofunctional regions from adjacent normal myocardium.
The mechanism for HIV-associated myocardial pathogenesis remains unclear. A variety of potential etiologies have been postulated in HIV-related heart disease, including myocardial infection with HIV itself, opportunistic infections, drug-related cardiotoxicity, nutritional deficiencies, autoimmune responses, and prolonged immunosuppression [5, 6] . It has been reported that HIV virions appear to infect the myocardial tissue in patchy distributions [5, 6] . Interestingly a study in non HIV viral myocarditis has showed heterogeneous late gadolinium enhancement patterns with lateral regions being predominantly concerned by PVB19 infection whereas anteroseptal regions were linked to HHV6 infection [28] . Hence, the functional abnormalities caused by HIV-associated myocarditis could first appear as regional anomalies before a possible evolution to global dysfunction. The results of this study agree with that assumption. In addition, more abnormal segments in the diastolic than the systolic phase may indicate that, at the same stage of HIV infection, the diastolic function is more prone to disruption than is the systolic function, perhaps because of inflammation and microvascular damage in the affected myocardium.
This study revealed that the average circumferential strain (Ecc) in regional myocardium measured by HARP-MRI is more sensitive for identifying LV dysfunction than the global LV parameters measured by routine echocardiography, since global LV function measured by echocardiography in all the study participants could not reveal any systolic or diastolic function abnormalities (Table 2 ). In addition, although both ejection fraction and average Ecc are considered systolic functional indices of the ventricle, the ejection fraction, being the measure of relative volumic change during the cardiac cycle, remains a global but rough indicator of the LV pump function whereas average regional Ecc and SR E , measuring the average myocardial deformation throughout the cardiac cycle are therefore a better indicators of local LV contraction and relaxation, respectively. This study has limitations. First, the sample size was relatively small so that the power to detect the differences between the HIV-positive group and the HIV-negative group would be quite limited. Due to its small size, this study could not answer the question of whether HIV-associated regional LV dysfunction has a distinct pattern of anatomic distribution in the left ventricle. An adequate sample size is needed to address this issue. A second limitation is that causal relationships cannot be assessed in this cross-sectional study, and the conclusions derived from it should be drawn with caution. Larger studies with a longitudinal design and including the study of late gadolinium enhancement by MRI are needed to complement our findings. Lastly, LV mass and volume data from MRI were not available so that we could not use MRI for global LV function assessment.
Conclusions
This study suggests that HIV infection may contribute to impaired regional left ventricular systolic and diastolic function and that cardiac tagged MRI could be used as a sensitive tool for the detection of early HIV-associated cardiomyopathies. Further studies with larger sample sizes and a longitudinal design are warranted.
